Dairy cattle submissions to the California Veterinary Diagnostic Laboratory System (CVDLS) were analyzed to determine submitter statistics. Eligible submissions were those received July 1, 1987 through December 31, 1989 for reasons other than regulatory brucellosis serology. A comprehensive list frame of California dairies was constructed from Brucella Ring Test information and served as the comparison population for the study. Analyses were performed based on geographic location, herd size, proximity to a CVDLS laboratory, and frequency of submission. Thirty-nine percent of the 2,490 California dairies in the reference population had submitted specimens 21 time to the CVDLS during the study period. Twenty-three percent of the reference population had submitted 22 times. Specimens were more likely to be submitted from larger herds than smaller herds. Larger dairies also submitted specimens more frequently. Dairies in the northern part of the state were more likely to submit specimens and submitted more frequently than southern herds when herd size was accounted for in the analysis. Mean submission rate (&SD) for the 970 submitting dairies was 1.4 (± 1.8) submissions/year. Forty-six percent of the dairies accounted for 80% of submissions, whereas only 14% of dairies accounted for 50% of all diagnostic dairy submissions.
Vast amounts of information on animal disease are collected in diagnostic laboratories throughout the country. However, valid interpretations of such data require an understanding of their limitations. Several studies have been done analyzing diagnostic laboratory data to define epidemiologic trends of specific disease agents. 2, 4, 6 However, a review of the literature failed to identify an investigation of the relationship between the client base of laboratories and the actual population from which it was drawn. Evaluation of potential biases in diagnostic laboratory data will not only be useful for assessing the validity of extrapolation of laboratory data to larger populations but will also define what segment of the industry a diagnostic laboratory serves.
The objective of this study was to compare certain characteristics of bovine dairy farms from which specimens were submitted to the California Veterinary Diagnostic Laboratory System (CVDLS) with characteristics of a reference population consisting of all California dairy farms. Characteristics compared were herd size, geographic location, and proximity to a laboratory as these characteristics affected both likelihood and frequency of submission.
Materials and methods

Definition of a comparison group
All California dairies must submit quarterly milk samples for Brucella Ring Test (BRT) monitoring. A list frame of all California dairies existing during the study period was compiled from BRT records supplied by the US Department of Agriculture, Animal Plant Health Inspection Service, Veterinary Services branch and the California Department of Food and Agriculture. The data included the name, owner, address, and herd size (number of milking cows, excluding dry cows) of all California dairies submitting BRTs the first quarter of 1990. This list did not include dairies that had ceased operation during the initial part of the study period. To account for these defunct dairies, dairies from the 1986 Dairy Cattle Database 3 , 5 that were not present in the 1990 list were assumed to have existed for some part of the study period and were appended to the list frame. Herd size information was not available for 286 herds. Because herd size was a critical part of our analysis, farms for which a herd size was not available were excluded from the reference population.
Identification of eligible submissions
The CVDLS currently consists of 5 laboratories located in Davis, Turlock, Fresno, Tulare, and San Bernardino. During 1987 and 1988, 2 additional laboratories operated in Petaluma and Sacramento, both of which were closed during the study period. Submissions were made by veterinarians to 1 of the 7 laboratories. A submission was defined as a collection of diagnostic material received from a single source and species on a single date. A submission could consist of 1 or many individual specimens from 1 or many different animals. Each submission was accompanied by a submission form, which provided space for the date of submission, species and pro-duction class, and owner's name, address, city, and zipcode. The production class field was a blank space in which the submitter could provide more specific information on the type of animal industry, generally dairy or beef in the case of bovine submissions. This information was entered into a computerized data base system a to which laboratory results and diagnoses were added as they became available. These computer data bases served as the source of raw data and laboratory was determined with the aid of a microcomputerbased geographic information system. b Each dairy was located by placing it at the geographic center of its 5-digit zipcode boundary. Radii were drawn at 25, 50, 75, and 100 miles around each CVDLS laboratory, and dairies were stratified according to the radius zone in which they fell. Proximity data were categorized because the limit of the mapping software was based on the geographic center of the zipcode were examined to identify all eligible submissions.
boundary. Proximity was determined based on the nearest To identify dairy cattle submissions, bovine submissions of the 7 CVDLS laboratories, regardless of whether that parreceived between July 1, 1987 and December 31, 1989 were (the assumption was that a dairy would continue to submit to the CVDLS after a laboratory closed). The Turlock laboratory was excluded from proximity determination because titular laboratory was in operation at the time of submission categorized as either diary or beef by evaluating information other than dairy or beef and was often left blank. When were considered dairy animals; all beef breeds, including available, industry or colloquial terms that clearly indicated provided in the production class field. Because this was a production class were shorthorns, mixed-breed cattle, and steers, were presumed used to blank field on the submission form, it often contained terms beef animals. Where production class still could not be de-classify submissions termined, the production class entries of other submissions (e.g., "cowcalf' was interpreted as beef, "1 st. lactation" was interpreted as dairy). Where this field was blank or vague, production class was deduced from the breed of animal. All dairy breeds it did not receive bovine specimens.
Statistical analyses of univariate categorical data were perform was applied using 3 categorical independent variables: ed using the chi-square test for independence. milkshed (northern, central, or southern), herd size (≤ 199, Trends were 200-499, 500-999, or ≥ 1,000) and proximity to a laboratory analyzedusing the chi-square test for trend in (≤25 mi, 26-50 mi, 51-75 mi, 76-100 mi, or > 100 mi). c proportions. 1 A logistic regression procedure using forward and backward selection (P to enter < 0.10, P to remove > 0.15) by the same owner were examined to determine whether the client was a dairy or beef submitter. Undetermined submis-
The binary outcome was submission (regardless of frequency) versus no submission. Continuous data were analyzed using analysis of variance on both untransformed frequency of submission data and data transformed with a square-root sions were excluded from analysis both dairy and beef submissions.
if the same submitter had Submissions from dairy farms were distinguished from transformation. d Except where noted, probability values were other so-called "dairy" submissions (e.g., calf ranches, heifer identical for both untransformed and transformed analyses. brokers, 4-H projects) by identifying the submitter in the Multivariate analysis of frequency of submission for the 970 reference population. Submissions from herds for which a submitter herds was performed with multiple linear regresherd size was not available were excluded from analysis. sion utilizing forward and backward stepping (F to enter = 4.0, F to remove = 3.9). e The three categorical independent variables were milkshed, herd size, and proximity to a lab-Submissions consisting of only brucellosis serology were also excluded because they did not reflect voluntary diagnostic submission.
oratory, and the outcome variable was the square-root transformation of frequency of submission.
Data analysis
Data were stratified by milkshed, herd size, and proximity to a CVDLS laboratory. Based on California's geography and Results milkshed boundaries were delineated representing the 3 major dairy areas in the state: northern, central valley, and southern. For this study, a milkshed was defined as a geographic region in which dairy husbandry and management styles were similar. These milksheds were created because dairy management differs substantially depending on location in the state. Because of climate and marketing factors, the geographic distribution of dairies throughout the state, 3 Reference population dairies in the northern part of the state are primarily small, and many utilize pasture feeding. Dairies in the central valley are primarily dry-lot, feeding a mixture of corn silage grown on the farm, alfalfa, and agricultural byproducts such as cottonseed meal and beet pulp. Because of space limitations, the southern milkshed consists of large densely stocked drylot dairies feeding imported alfalfa and grain. These dairies are concentrated into a small area densely populated with dairy farms and cattle.
Four herd-size strata were defined: small herds (< 200 cows), medium-sized herds (200-499 cows), large herds (500-999 cows), and very large herds (≥ 1,000 cows). Proximity to a of herd size information, yielding a final reference population of 2,490 California dairies representing 1,025,588 milking cattle.
The reference population was comprised of 2,388
California's dairy industry is concentrated around 6 major foci centered at Ferndale, Orland, Petaluma, California dairies submitting BRTs the first quarter of Modesto, Tulare, and Chino (Fig. 1) . The dairy industry in the northern part of the state consists pri-1990 plus an additional 388 dairies from The Dairy marily of many small dairies, with an average herd size of <200 cows (Fig. 2) . The central valley contains portion of the central valley near Fresno and Tulare Of the 3,977 true dairy submissions, 3,317 met the have larger average herd sizes than those in the north-remaining selection criterion of diagnostic testing other ern portion near Modesto. The dairy industry in the than brucellosis serology. Nine hundred seventy of the southern portion of the state consists primarily of large 2,490 dairies in the reference population (39.0%) were to very large farms, from 500 to > 1,000 cows. The identified as having submitted to the CVDLS over the mean (± SD) statewide herd size was 412 (±423). Ta-2.5-year study period. These submitting herds had a ble 1 summarizes the distribution of the reference pop-combined herd size of 488,029 cattle, representing ulation by milkshed and herd size.
47.6% of the state's cattle. Five hundred seventy-nine dairies or 23.3% of the reference population submitted
Number of submissions
22 times. There were 11,631 bovine submissions to the CVDLS Milkshed. Ninety-eight percent of dairies fell within during the study period. Examination of the produc-1 of the 3 milkshed boundaries. The mean (±SD) herd tion class field revealed 5,714 (49.1%) dairy, 2,495 size among the 3 milksheds was northern 166 (± 141), (21.5%) beef, and 3,422 (29.4%) undetermined sub-central 402 (±420), and southern 800 (±432). The missions. Three hundred forty-two undetermined sub-greatest number of submitters were from the central missions were subsequently classified as dairy by iden-milkshed, as were the greatest number of dairies. When tifying the submitter in the reference population, for a expressed as percentages, the difference in the proportotal of 6,056 dairy submissions. Of these, 3,977 tion of dairies that submitted from each milkshed was (65.7%) were confirmed as true dairy submissions by not significant 3 identifying the submitter in the reference population.
Herd size. Small and medium-sized herds formed
The remaining 2,079 submissions were assumed to be a majority of the reference population; medium-sized from other parts of the dairy industry infrastructure, herds also comprised the largest portion of CVDLS such as calf ranches, heifer ranches, or cattle brokers submitters (Fig. 3) . On a percentage basis, the likelior from dairies for which a herd size was not available. hood of submission increased with increasing herd size (P < 0.01). This trend was accounted for by repeat submitters (P < 0.01). Single submitters were distributed equally across herd size strata (P = 0.49).
Proximity to a laboratory. Many dairies in the state (43.5%) were located within 25 miles of a laboratory. Univariate examination of these data expressed as percentages yielded a statistically significant downward trend in the likelihood to submit as dairies were located farther from a laboratory (P < 0.01). As in the herd size analysis above, this trend could be accounted for by repeat submitters (P < 0.01); single submitters were distributed equally (P = 0.38).
Logistic regression analysis of the three independent variables selected a best model that included milkshed and herd size. Larger herds were statistically more likely to submit than were smaller herds. Controlling for herd size, northern dairies were more likely to submit than were southern dairies of similar herd size. Proximity was not included in the model, indicating that closer herds were more likely to submit because they were larger.
Frequency of submission
The mean (± SD) submission rate (3,317 submissions/970 submitting dairies/time) was 1.4 (± 1.8) sub-missions per year or 3.4 (± 4.4) submissions over the 2.5-year study period, with a median of 2 submissions. There were 579 repeat submitters (≥ 2 submissions over the study period), constituting 60% of the dairies and representing 88.3% of the submissions. Analysis of only those repeat submitters yielded a mean (± SD) of 2.0 (±2.1) submissions per year or 5.1 (±5.1) submissions over the 2.5-year study period, with a median of 3 submissions.
A plot of cumulative percent of dairy submissions by cumulative percent submitters is shown in Fig. 4 . The reference line represents a hypothetical situation where each submitter submits with equal frequency such that 80% of the submissions could be accounted for by 80% of the submitters. The distribution of CVDLS submitters differed substantially from this reference; 46% of CVDLS dairy cattle clients were responsible for 80% of the submissions, whereas only 14% of dairy cattle clients could account for 50% of all dairy cattle submissions.
Milkshed. The northern milkshed accounted for 536 (16.2%), central 2,201 (66.4%), and southern 517 (15.6%) of the eligible submissions. Two percent of the submissions fell outside the 3 boundaries. The number of submissions per dairy was lower in the northern milkshed than in either the central or southern milksheds (P = 0.06 for untransformed data, P = 0.03 for square-root transformation) (Fig. 5) . However, sub-missions per cow decreased from north to south (P < 0.01), reflecting the larger herd sizes in the south diluting out submissions on a per cow basis. On a per cow basis, the northern dairy cow is better represented; however, on a per dairy basis the southern dairies submit more frequently.
Herd size. As herd size increased, more frequent submissions to the laboratory were made (P < 0.01); however, submissions per cow were significantly lower for larger dairies (P < 0.01) ( Fig. 6 ).
Proximity to a laboratory. Submissions per dairy decreased with increasing distance from a laboratory (P < 0.01). Submissions per cow increased significantly with increasing distance from the laboratory (P < 0.01). However, most of the farms in the 2 farthest zones were farms from the northern milkshed, which tended to have a higher submission rate per cow because of their relatively smaller herd sizes. Also, there is no laboratory in the northernmost part of the state, whereas in the central valley there is a laboratory approximately every 150 miles.
Multiple linear regression analysis of frequency of submission found milkshed and herd size to be important predictors; proximity was nonsignificant. Larger herds tended to have more frequent submissions than smaller herds. Controlling for herd size, herds from the northern part of the state had more frequent submissions than did those in the south. (This is contrary to simple univariate analysis.)
Discussion
Dairies from which samples were submitted to the CVDLS tended to be larger than nonsubmitter dairies. Therefore, with respect to herd size, CVDLS clientele were not representative of all dairies within the state. Proximity to a laboratory, when controlled for herd size and milkshed, did not appear to have an influence on submission. Specimens were submitted from only 28% of the small herds, whereas 56% of the herds with > 1,000 cows submitted. Therefore, the larger dairy herds in California are well represented. However, the smaller herds are less well accounted for. Additional studies on the distribution of disease diagnoses among California dairies may reveal more information on the validity of extrapolating diagnostic findings to dairies of different sizes.
Larger dairies, from which specimens were more likely to have been submitted, also had more frequent submissions than did smaller farms. However, on a per animal basis, submissions were less frequent for large than for small dairies. More occurrences of dis- ease might be expected in larger herds, because of their mit specimens to other laboratories, we had no means larger population at risk, than in smaller herds. If this of assessing this concern. were the case, there should be more submissions on a per dairy basis but a relatively constant representation ducer on the individual animal from a smaller herd. of Veterinary Medicine, University of California, Davis, for Alternately, if disease were to occur at the same rate their assistance in compiling the reference population of Calper individual at risk, regardless of population size or ifornia dairies and Bill Cohen, CVDLS, Davis, for computer herd size, a larger number of individual occurrences would be expected in a larger population. On the large farm, only the first few cases of such a disease might be submitted, and once a diagnosis was made, the likelihood of further submission might decline. The smaller herd would be expected to experience fewer cases of diseases, thus submitting a relatively larger proportion of its cases to obtain a diagnosis.
Because of the strong effect of herd size on submission, a simple univariate analysis of milkshed versus submission suggested that northern dairies were poorly represented among CVDLS clientele. Multivariate methods, which were able to control for herd size, revealed just the opposite. Among herd size strata, the northern dairies appeared to have a better representation.
The purpose of this study was to perform an initial investigation of the dairy cattle client base of the CVDLS. Although some California dairies might sub-support. 
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